The I-E curve under the chopped light is usually used to evaluate the utilization of photogenerated carriers that reach the photoelectrode surface. Over the entire potential range in Supplementary Fig. 3 , the photocurrent response is characteristic of the decay from a "spike" to a steady state upon light on. Considering the fast kinetics of AQDS reduction reaction, it is speculated that these instantaneous currents decay at more negative biases might be resulted from the recombination of photogenerated holes and unconsumed photogenerated electrons due to the rapid depletion of AQDS at the photoelectrode surface. In other words, the inadequate supply of electroactive species limited by the mass transfer from the electrolyte to the surface of the photoelectrode is likely responsible for this unusual PEC behavior.
Supplementary Note 2 | Electrochemical performance of the RFB.
The SRFC in this work is an integrating device composing of a photoelectrolysis cell and a RFB. Accordingly, the overall energy conversion efficiency of a SRFC is jointly determined by the solar-to-chemical conversion efficiency of the photoelectrolysis cell and the chemical-to-electricity efficiency of the RFB. Thus, an efficient RFB is also essential for the overall energy conversion of the SRFC. Based on Br 3 -/Br -and AQDS/AQDSH 2 redox couples in aqueous H 2 SO 4 media, we fabricated a RFB with carbon as discharge electrodes and evaluated its electrochemical performance. Supplementary Fig. 9a shows the cycling stability of the battery at a constant current density of ±50 mA cm −2 . The cell indicates a Faradaic efficiency around 98% with a round-trip energy efficiency between 73% and 86%.
When the cell was cycled at a constant current density of ±100 mA cm −2 for 25 cycles, the charge/discharge curves are highly reproducible and present a Faradaic efficiency of ca. 95% and an energy efficiency of ca. 67% ( Supplementary Fig. 9b ). These efficiencies are comparable to that for other types of redox flow batteries 5 .
Supplementary Methods

Chemicals
In all experiments, analytical grade chemicals were used without further purification.
Water used was obtained by purifying deionized water with a Milli-Q water purification system.
Electrodes preparation
The p-Si wafers (B doped, 2.2 Ω cm, and 500 μm thickness) and the modified p-Si wafers were used as photocathodes. To achieve a thin surface n + doping, the wafers The n-Si wafers (P doped, 1.0 ~ 20.0 Ωcm, and 500 μm thickness, Topsil) were used as photoanodes. To achieve a thin surface p + doping, the clean n-Si wafers were subjected to a pre-deposition process in the same manner as in previous work 7 . The doping was carried out in an atmospheric pressure tube furnace in close proximity with BoronPlus planar diffusion sources (Techneglas, Perrysburg, OH, USA). The wafers were inserted into the furnace at 973 K, and the temperature was then ramped at 10 K min -1 to 1223 K where it remained for 10 min before cooling at 10 K min 
Characterizations
The morphologies of the electrodes were investigated with a Quanta 200 FEG scanning electron microscope (SEM) equipped with an energy dispersive S3
spectrometer (operating at an accelerating voltage of 20 kV). X-ray photoelectron spectroscopy (XPS) measurements were performed using a Thermo ESCALAB 250Xi system with monochromatized Al Kα excitation.
Electrochemical analysis
Kinetic parameters and diffusion coefficients determinations were conducted in a three-electrode system with a rotating glassy carbon or Pt disk, a platinum wire, and a 1.0 mm, channel depth 1.0 mm, landing between channels 1.0 mm) were used as current collectors. Pretreated, stacked (×3) Toray carbon paper electrodes were used on both sides of the cell. DuPont Nafion membrane was used as a proton-exchange membrane and PTFE gasketing was used to seal the cell assembly. The solutions were deaerated before each measurement. Charge/discharge studies of the flow redox battery were carried out under a constant current density of 50 mA cm -2 and 100 mA cm -2 , respectively. The electrochemical measurements were made to run at constant current for a given period of time, so that 60% of the capacity of the battery was used in each cycle. The flowing rates of the electrolytes were kept at 130 mL min -1 and the operating temperature was kept at 313 K.
